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1. 

SYSTEMIS AND METHODS FORVELOCITY 
PROFILE BASED APPROACH TO POINT 

CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. Provisional 
Application No. 61/267,120, filed Dec. 7, 2009. 

FEDERAL RESEARCH STATEMENT 

This invention was made with Government support under 
Government Contract #H92241-07-D-0003, awarded by the 
Army. The Government has certain rights in this invention. 

BACKGROUND 

This subject matter disclosed herein relates generally to the 
field of aircraft controls. 

Automated aircraft controls are used to perform various 
aircraft functions, including approach to point control. 
Approach to point control automates an approach to a target 
point, i.e., flying of an aircraft to a hover (the velocity of the 
aircraft is Zero) at the target point. Approach to point control 
may be implemented by determining an acceleration profile 
for the approach, based on the velocity of the aircraft and the 
distance from the aircraft to the target point, using the equa 
tion: 

EQ. 1 

whereina, is an acceleration command, V is the aircraft 
velocity, and d is the distance from the aircraft to the target 
point. The acceleration command a gives the amount 
of deceleration needed to stop the aircraft at the target point 
based on V and d. However, determination of a 
requires that the aircraft be in motion relative to the target 
point, and the approach must be started at a given distance to 
the target in order to limit the rate of deceleration to below a 
desired level. 

goaaaaa 

BRIEF SUMMARY 

According to one aspect of the invention, a method for 
velocity profile based approach to point control for an aircraft 
includes determining a distance from the aircraft to a target 
point; determining a velocity command based on the distance 
to the target point and a desired acceleration; and issuing the 
Velocity command. 

According to another aspect of the invention, a Velocity 
profile based approach to point control module for an aircraft 
includes determining a distance from the aircraft to a target 
point; determining a velocity command based on the distance 
to the target point and a desired acceleration; and issuing the 
Velocity command. 

According to another aspect of the invention, a computer 
program product includes a computer readable storage 
medium containing computer code that, when executed by a 
computer, implements a method for a Velocity profile based 
approach to point control, wherein the method includes deter 
mining a distance from the aircraft to a target point; deter 
mining a Velocity command based on the distance to the target 
point and a desired acceleration; and issuing the Velocity 
command. 

Other aspects, features, and techniques of the invention 
will become more apparent from the following description 
taken in conjunction with the drawings. 
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2 
BRIEF DESCRIPTION OF THE SEVERAL 

VIEWS OF THE DRAWINGS 

Referring now to the drawings wherein like elements are 
numbered alike in the several FIGURES: 

FIG. 1 illustrates an embodiment of a method for velocity 
profile based approach to point control. 

FIG. 2 illustrates an embodiment of a system for velocity 
profile based approach to point control. 

FIG.3 illustrates an embodiment of a method for determi 
nation of a longitudinal Velocity command. 

FIG. 4 illustrates an embodiment of a method for determi 
nation of a lateral Velocity command. 

FIG.5 illustrates an embodiment of a computer that may be 
used in conjunction with systems and methods for Velocity 
profile based approach to point control. 

DETAILED DESCRIPTION 

Embodiments of systems and methods for velocity profile 
based approach to point control are provided, with exemplary 
embodiments being discussed below in detail. 

Approach to point control based on a Velocity profile 
allows for an approach to point that is consistent and predict 
able in nature, and allows for the acceleration as well as the 
deceleration of the aircraft in order to meet the calculated 
velocity profile. The deceleration or acceleration of the air 
craft in its approach to the target point is controlled to a 
desired acceleration a by the aircraft controls. The 
Velocity profile is calculated using the equation: 

'command sqrt(2d'adesired), EQ. 2 

wherein V is a Velocity command, d is the distance 
from the aircraft to the target point, and as is the prede 
termined desired acceleration. The predetermined desired 
acceleration as may be determined, for example, by a 
pilot or may be a default value. The Velocity command V 
mand for the aircraft at a given distance from the target point is 
used to control the aircraft to ensure an approach to the target 
point with an acceleration equal to a. 

FIG. 1 illustrates an embodiment of a method for velocity 
profile based approach to point control. The aircraft may 
initially be at any distanced from the target point, moving at 
any current appropriate Velocity. The distance d from the 
aircraft to the target point is determined in block 101. In block 
102, as is determined; as may be set by a pilot, or 
may be a default value. In block 103, V is calculated 
based on as and d. The square root of the product of 
as and 2d may be calculated to determine V. In 
block 104, a Velocity command based on V is issued to 
the aircraft controls. The determined velocity command v 
mand may be subject to a Velocity limiter, i.e., if V is 
greater than a predetermined Velocity limit, a Velocity com 
mand equal to the predetermined Velocity limitis issued to the 
aircraft controls. The aircraft may be controlled to the veloc 
ity command by a groundspeed controller that uses the Veloc 
ity command as a reference. Blocks 101-104 may be 
repeated, either continuously or at any appropriate interval, 
until the aircraft is at a hover at the target point (i.e., d=0). 

FIG. 2 illustrates an embodiment of a system 200 for veloc 
ity profile based approach to point control. In the embodiment 
of FIG. 2, the approach to point control module 201 com 
prises a longitudinal velocity module 202, which is discussed 
below in more detail with regard to FIG. 3, and a lateral 
velocity module 203, which is discussed in more detail below 
with regard to FIG. 4. The target point is defined by a set of 
lateral and longitudinal coordinates. Longitudinal Velocity 

edia 
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commands and lateral velocity commands are separately cal 
culated by longitudinal velocity module 202 and lateral 
velocity module 203, respectively. Approach to point control 
module 201 receives flight data from aircraft controls 204. 
The flight data includes the longitudinal distance and the 
lateral distance from the aircraft to the target point. Longitu 
dinal velocity module 202 determines longitudinal velocity 
commands based on a longitudinal as and the longitudi 
nal distance to the target point. Lateral velocity module 203 
determines lateral Velocity commands based on a lateral 
as and the lateral distance to the target point. Approach to 
point control module 201 provides the longitudinal and lat 
eral Velocity commands determined by longitudinal Velocity 
module 202 and lateral velocity module 203, respectively, to 
the aircraft controls 204. The longitudinal and lateral velocity 
commands may be subject to a Velocity limiter, for example, 
if a Velocity command is greater than a predetermined veloc 
ity limit, a Velocity command equal to the predetermined 
velocity limit is issued to aircraft controls 204. Aircraft con 
trols 204 guide the aircraft to a hover at the target point based 
on the Velocity commands received from approach to point 
control module 201. The aircraft controls 204 may include a 
groundspeed controller that uses Velocity commands 
received from approach to point module 201 as a reference to 
control the velocity of the aircraft. 

FIG.3 illustrates an embodiment of a method 300 that may 
be implemented by a longitudinal velocity module 202. The 
longitudinal distanced from the aircraft to the target point is 
determined in block 301. In block 302, the longitudinal 
as is determined; the longitudinal as may be set by a 
pilot, for example, or may be a default value. In block303, the 
longitudinal V is calculated based on the longitudinal 
as and the longitudinald. The square root of the product 
of the longitudinal as and twice the longitudinald may be 
calculated to determine the longitudinal V. In block 
304, a longitudinal velocity command based on the longitu 
dinal V is issued to the aircraft controls. The deter 
mined longitudinal Velocity command V, may be Sub 
ject to a longitudinal Velocity limiter; i.e., if the longitudinal 
V, is greater than a predetermined longitudinal Velocity 
limit, a longitudinal Velocity command equal to the predeter 
mined longitudinal velocity limit is issued to the aircraft 
controls. The aircraft may be controlled to the longitudinal 
Velocity command by a groundspeed controller that uses the 
velocity command as a reference. Blocks 301-304 may be 
repeated, either continuously or at any appropriate interval, 
until the aircraft is at a hover at the target point (i.e., the 
longitudinal distance d=0). 

FIG. 4 illustrates an embodiment of a method 400 that may 
be implemented by a lateral velocity module 203. The lateral 
distanced from the aircraft to the target point is determined in 
block 401. In block 402, the laterala is determined; the 
lateral as may be set by a pilot, for example, or may be a 
default value. In block 403, the lateral V is calculated 
based on the lateral as and the laterald. The square root 
of the product of the laterala and twice the laterald may 
be calculated to determine the lateral V. In block 404. 
a lateral Velocity command based on the lateral V, is 
issued to the aircraft controls. The determined lateral velocity 
command V may be subject to a lateral Velocity lim 
iter, i.e., if the lateral V, is greater than a predetermined 
lateral Velocity limit, a lateral Velocity command equal to the 
predetermined lateral velocity limit is issued to the aircraft 
controls. The aircraft may be controlled to the lateral velocity 
command by a groundspeed controller that uses the Velocity 
command as a reference. Blocks 401–404 may be repeated, 
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4 
either continuously or at any appropriate interval, until the 
aircraft is at a hover at the target point (i.e., the lateral distance 
d=0). 

FIG.5 illustrates an example of a computer 500 which may 
be utilized by exemplary embodiments of systems and meth 
ods for Velocity profile based approach to point control, as 
embodied in software. Various operations discussed above 
may utilize the capabilities of the computer 500. One or more 
of the capabilities of the computer 500 may be incorporated in 
any element, module, application, and/or component dis 
cussed herein. 
The computer 500 includes, but is not limited to, PCs, 

workstations, laptops, PDAs, palm devices, servers, storages, 
and the like. Generally, computer 500 may include one or 
more processors 510, memory 520, and one or more input 
and/or output (I/O) devices 570 that are communicatively 
coupled via a local interface (not shown). The local interface 
can be, for example but not limited to, one or more buses or 
other wired or wireless connections, as is known in the art. 
The local interface may have additional elements, such as 
controllers, buffers (caches), drivers, repeaters, receivers, and 
the like, to enable communications. Further, the local inter 
face may include address, control, and/or data connections to 
enable appropriate communications among the aforemen 
tioned components. 
The processor 510 is a hardware device for executing soft 

ware that can be stored in the memory 520. The processor 510 
can be, for example, virtually any custom made or commer 
cially available processor, a central processing unit (CPU), a 
data signal processor (DSP), or an auxiliary processor among 
several processors associated with the computer 500, and the 
processor 510 may be a semiconductor based microprocessor 
(in the form of a microchip) or a macroprocessor. 
The memory 520 can include any one or combination of 

Volatile memory elements (e.g., random access memory 
(RAM), such as dynamic random access memory (DRAM), 
static random access memory (SRAM), or the like) and non 
Volatile memory elements (e.g., ROM, erasable program 
mable read only memory (EPROM), electronically erasable 
programmable read only memory (EEPROM), program 
mable read only memory (PROM), tape, compact disc read 
only memory (CD-ROM), disk, diskette, cartridge, cassette 
or the like, etc.). Memory 520 may also incorporate elec 
tronic, magnetic, optical, and/or other types of storage media. 
Memory 520 may also have a distributed architecture, where 
various components are situated remote from one another, but 
can be accessed by the processor 510. 
The software in the memory 520 may include one or more 

separate programs, each of which comprises an ordered list 
ing of executable instructions for implementing logical func 
tions. The software in the memory 520 includes a suitable 
operating system (O/S) 550, compiler 540, source code 530, 
and one or more applications 560 in accordance with the 
embodiments. As illustrated, the application 560 comprises 
numerous functional components for implementing the fea 
tures and operations of the embodiments. The application 560 
of the computer 500 may represent various applications, com 
putational units, logic, functional units, processes, opera 
tions, virtual entities, and/or modules in accordance with the 
embodiments, but the application 560 is not meant to be a 
limitation. 
The operating system 550 controls the execution of other 

computer programs, and provides scheduling, input-output 
control, file and data management, memory management, 
and communication control and related services. It is contem 
plated by the inventors that the application 560 for imple 
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menting the embodiments may be applicable on all commer 
cially available operating systems. 

Application 560 may be a source program, executable pro 
gram (object code), Script, or any other entity comprising a set 
of instructions to be performed. In the case of a source pro 
gram, the program may be translated via a compiler (Such as 
compiler 540), assembler, interpreter, or the like, which may 
or may not be included within the memory 520, so as to 
operate properly in connection with the O/S 550. Further 
more, the application 560 can be written as an object oriented 
programming language, which has classes of data and meth 
ods, or a procedure programming language, which has rou 
tines, Subroutines, and/or functions, for example but not lim 
ited to, C, C++, C#, Pascal, BASIC, API calls, HTML, 
XHTML, XML, ASP scripts, FORTRAN, COBOL, Perl, 
Java, ADA, .NET, and the like. 
The I/O devices 570 may include input devices such as, for 

example but not limited to, a mouse, keyboard, Scanner, 
microphone, camera or the like. The I/O devices 570 may also 
include output devices, for example but not limited to a 
printer, display or the like. Finally, the I/O devices 570 may 
further include devices that communicate both inputs and 
outputs, for instance but not limited to, a NIC or modulator/ 
demodulator (for accessing remote devices, other files, 
devices, systems, or a network), a radio frequency (RF) or 
other transceiver, a telephonic interface, a bridge, a router, or 
the like. The I/O devices 570 may also include components 
for communicating over various networks, such as the Inter 
net or intranet. 

If the computer 500 is a PC, workstation, intelligent device 
or the like, the software in the memory 520 may further 
include a basic input output system (BIOS) (omitted for sim 
plicity). The BIOS is a set of essential software routines that 
initialize and test hardware at startup, start the O/S 550, and 
Support the transfer of data among the hardware devices. The 
BIOS is stored in a type of read-only-memory, such as ROM, 
PROM, EPROM, EEPROM or the like, so that the BIOS can 
be executed when the computer 500 is activated. 
When the computer 500 is in operation, the processor 510 

is configured to execute Software stored within the memory 
520, to communicate data to and from the memory 520, and to 
generally control operations of the computer 500 pursuant to 
the software. The application 560 and the O/S550 are read, in 
whole or in part, by the processor 510, which may be buffered 
within the processor 510, and then executed. 
When the application 560 is implemented in software, the 

application 560 may be stored on any computer readable 
medium for use by or in connection with any computer related 
system or method. A computer readable medium may be an 
electronic, magnetic, optical, or other physical device or 
means that can contain or store a computer program for use by 
or in connection with a computer related system or method. 
The application 560 may be embodied in any computer 

readable medium for use by or in connection with an instruc 
tion execution system, apparatus, or device, such as a com 
puter-based system, processor-containing system, or other 
system that can fetch the instructions from the instruction 
execution system, apparatus, or device and execute the 
instructions. A computer-readable medium may be any 
means that can store, communicate, propagate, or transport 
the program for use by or in connection with the instruction 
execution system, apparatus, or device. The computer read 
able medium may be, for example but not limited to, an 
electronic, magnetic, optical, electromagnetic, infrared, or 
semiconductor System, apparatus, device, or propagation 
medium. 
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6 
More specific examples of the computer-readable medium 

may include the following: an electrical connection (elec 
tronic) having one or more wires, a portable computer dis 
kette (magnetic or optical), a random access memory (RAM) 
(electronic), a read-only memory (ROM) (electronic), an 
erasable programmable read-only memory (EPROM, 
EEPROM, or Flash memory) (electronic), an optical fiber 
(optical), and a portable compact disc memory (CDROM, CD 
R/W) (optical), or the like. The computer-readable medium 
may be paper or another Suitable medium, upon which the 
program is printed or punched, as the program can be elec 
tronically captured, via, for example, optical scanning of the 
paper or other medium, then compiled, interpreted or other 
wise processed in a suitable manner if necessary, and then 
stored in a computer memory. 

In exemplary embodiments, where the application 560 is 
implemented in hardware, the application 560 may be imple 
mented with any one or a combination of the following tech 
nologies, which are each well known in the art: a discrete 
logic circuit(s) having logic gates for implementing logic 
functions upon data signals, an application specific integrated 
circuit (ASIC) having appropriate combinational logic gates, 
a programmable gate array(s) (PGA), a field programmable 
gate array (FPGA), and the like. 
The technical effects and benefits of exemplary embodi 

ments include an approach to point control that provides a 
predictable, controllable approach at a predetermined accel 
eration rate. The terminology used herein is for the purpose of 
describing particular embodiments and is not intended to be 
limiting of the invention. 

While description of the present invention has been pre 
sented for purposes of illustration and description, it is not 
intended to be exhaustive or limited to the invention in the 
form disclosed. Many modifications, variations, alterations, 
Substitutions, or equivalent arrangements not heretofore 
described will be apparent to those of ordinary skill in the art 
without departing from the Scope and spirit of the invention. 
Additionally, while various embodiments of the invention 
have been described, it is to be understood that aspects of the 
invention may include only some of the described embodi 
ments. Accordingly, the invention is not to be seen as limited 
by the foregoing description, but is only limited by the scope 
of the appended claims. 

The invention claimed is: 
1. A computer-implemented method for velocity profile 

based approach to point control for an aircraft, the method 
comprising: 

determining, by a processor of a computer, a distance from 
the aircraft to a target point; 

determining a Velocity command based on the distance to 
the target point and a desired acceleration, wherein the 
Velocity command is determined based on a square root 
of a product of two times the distance to the target point 
and the desired acceleration; and 

issuing the Velocity command. 
2. The method of claim 1, further comprising repeating 

determining the distance to the target point, determining the 
Velocity command, and issuing the Velocity command until 
the aircraft is at a hover at the target point. 

3. The method of claim 1, wherein the issued velocity 
command is used as a reference by a groundspeed controller 
to control a velocity of the aircraft. 

4. The method of claim 1, wherein the desired acceleration 
is configured by a pilot, or is a default value. 

5. The method of claim 1, wherein the distance from the 
aircraft to the target point is a longitudinal distance, the 
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desired acceleration is a desired longitudinal acceleration, 
and the Velocity command is a longitudinal velocity com 
mand. 

6. The method of claim 1, wherein the distance from the 
aircraft to the target point is a lateral distance, the desired 
acceleration is a desired lateral acceleration, and the velocity 
command is a lateral Velocity command. 

7. The method of claim 1, wherein the velocity command is 
limited by a predetermined velocity limit. 

8. A velocity profile based approach to point control com 
puter module for an aircraft, which comprises: 

a processor configured to: 
determine a distance from the aircraft to a target point; 
determine a Velocity command based on the distance to 

the target point and a desired acceleration, wherein 
the Velocity command is determined based on a 
square root of a product of two times the distance to 
the target point and the desired acceleration; and 

issue the Velocity command. 
9. The approach to point control module of claim 8, further 

comprising repeating determining the distance to the target 
point, determining the Velocity command, and issuing the 
Velocity command until the aircraft is at a hover at the target 
point. 

10. The approach to point control module of claim 8, fur 
ther comprising a groundspeed controller configured to use 
the issued Velocity command as a reference controla Velocity 
of the aircraft. 

11. The approach to point control module of claim 8, 
wherein the desired acceleration is configured by a pilot, or is 
a default value. 

12. The approach to point control module of claim 8, 
wherein the target point is defined by a set of longitudinal and 
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lateral coordinates, and the approach to point control module 
comprises a longitudinal Velocity module and a lateral Veloc 
ity module. 

13. The approach to point control module of claim 12, 
wherein the longitudinal velocity module determines a lon 
gitudinal distance from the aircraft to the target point, alon 
gitudinal desired acceleration, and a longitudinal Velocity 
command, and the longitudinal Velocity module issues alon 
gitudinal velocity command. 

14. The approach to point control module of claim 12, 
wherein the lateral velocity module determines a lateral dis 
tance from the aircraft to the target point, a lateral desired 
acceleration, and a lateral Velocity command, and the lateral 
Velocity module issues a lateral Velocity command. 

15. The approach to point control module of claim 8, fur 
ther comprising a Velocity limiter configured to limit the 
Velocity command to a predetermined Velocity limit. 

16. A computer program product comprising a computer 
readable storage medium containing computer code that, 
when executed by a computer, implements a method for 
velocity profile based approach to point control, wherein the 
method comprises: 

determining a distance from the aircraft to a target point; 
determining a Velocity command based on the distance to 

the target point and a desired acceleration, wherein the 
Velocity command is determined based on a square root 
of a product of two times the distance to the target point 
and the desired acceleration; and 

issuing the Velocity command. 
17. The approach to point control module of claim 16, 

further comprising repeating determining the distance to the 
target point, determining the Velocity command, and issuing 
the velocity command until the aircraft is at a hover at the 
target point. 


